The relationship between lipid peroxidation and the functional competence of human spermatozoa has been investigated in a cohort of 31 
Introduction
A significant new development in the field of male infertility has been the realization that oxidative stress can play a key role in the aetiology of this condition (Aitken and Clarkson, 1987a, b; Aitken et al, 1989a Aitken et al, , b, 1991 Aitken et al, , 1992a Aitken et al, , b, 1993 . The generation of reactive oxygen species by human sperm suspensions has been shown to correlate with the fertilization potential of human spermatozoa in vitro (Aitken and Clarkson, 1987a, b) and, in long term prospective studies, in vivo (Aitken et al, 1991) . The reactive oxygen species responsible for this oxidative stress appears to derive from the excessive activity of a superoxide-generating system located in the sperm plasma membrane (Aitken et al, 1992b; Alvarez et al, 1987; Iwasaki and Gagnon, 1992) . Leucocytes, particularly polymorphs, also represent a powerful potential source of reactive oxygen species (Aitken and West, 1990; Kessopoulou et al, 1992) which may be clinically significant in cases of leucocytospermia or during the preparation of spermatozoa for in vitro fertiliz¬ ation (Aitken and Clarkson, 1988) . Experiments involving the generation of toxic oxygen metabolites in a xanthine oxidase system have established that the major reactive oxygen species responsible for damaging spermatozoa is hydrogen peroxide (Aitken et al, 1993) . The way in which this oxidant interferes with normal human sperm function is thought to involve the peroxidation of unsaturated fatty acids in the sperm plasma membrane (Jones et al, 1978 (Jones et al, , 1979 (Jones et al, 1979) . Comaschi et al (1989) and Aitken et al. (in press) (1987) were classified using a hierarchical system in which head, midpiece and tail defects were scored in succession. The presence of leucocytes and precursor germ cells in the ejaculates was deter¬ mined using the techniques described by Aitken and West (1990) in which the leucocyte population was differentiated using a monoclonal antibody directed against the common leucocyte antigen (anti-CD45, Scottish Antibody Production Unit, Carluke) using an alkaline phosphatase, anti-alkaline phosphatase immunocytochemical technique.
The spermatozoa were isolated by discontinuous Percoli gradient centrifugation (Aitken and Clarkson, 1988) 
Lipid peroxidation
Lipid peroxidation was measured using an optimized (Aitken et al, in press) version of the thiobarbituric acid (TBA) test (Placer et al, 1966) incorporating a fluorometric end-point (Yagi, 1976) that permitted the recovery and measurement of much greater concentrations of malondialdehyde than in pre¬ vious assays (Aitken et al, 1989a (Tables 2 and 3) . However, at the end of the incubation period significant differences were still apparent between the two Percoli fractions with respect to the percentages of motile, rapid and progressive spermatozoa (Table 3 ).
The ability of the individual sperm populations to sustain their motility over the 24 h incubation was accurately predicted by the generation of malondialdehyde in a separate aliquot of spermatozoa exposed to the ferrous ion promoter in calciumand magnesium-free Hanks balanced salt solution for the first 2 h (Fig. 4) . Hence, considering the data base as a whole (40 + 80% fractions) the generation of malondialdehyde exhibited highly significant negative correlations with the following move¬ ment characteristics after 24 h (Fig. 4) 
Sperm-oocyte fusion
The generation of malondialdehyde was not only correlated with the capacity of human spermatozoa to exhibit motility but also with their ability to engage in sperm-oocyte fusion (Fig. 5) . (Fig. 5) Lipid hydroperoxide peroxyl radical
The iron promoted TBA assay therefore measures the two aspects of lipid peroxidation in spermatozoa: (i) the availability of lipid hydroperoxides in the sperm plasma membrane with which to initiate the peroxidative chain reaction and (ii) the ability of the spermatozoa to inhibit the propagation of this process, either through the action of chain-breaking antioxidants, such as a-tocopherol, or through the enzymatic cleavage and reduction of the lipid hydroperoxides (LOOH) to stable hydroxy acids (LOH). The latter could be achieved through the combined action of phospholipase A2, to cleave out the peroxidized fatty acid, and glutathione peroxidase, to effect its reduction. Although both of these enzyme systems have been described in human spermatozoa (Bennet et al, 1987; Alvarez and Storey, 1989) 31.4 ± 4.8 §*** 44.0 ± 5.4 §*** 38.3 ± 3.1*** 32.9 ± 2.9*** 52.6 ± 4.3*** 10.9 ± 0.6* 3.6 ± 0.3*** 31.6 ± 4.0 § §P < 0.001 (40% versus 80% Percoli fraction). *P < 0.05; **P < 0.01; "*P < 0.001 (3 h versus 24 h motility).
Superoxide and hydrogen peroxide either by defective sperma¬ tozoa (Aitken et al, 1992b) or infiltrating leucocytes (Aitken and West, 1990; Kessopoulou et al, 1992) Log (1 + ) malondialdehyde (1978, 1979) (Cohen et al, 1985) and as a quality control criterion (Critchlow et al, 1989 (Aitken and Clarkson, 1987a, b; Aitken et al, 1989a Aitken et al, , b, 1991 (Huszar et al, 1988a (Huszar et al, , b, 1990 .
